Introduction
Familial aggregation analyses hold promise in identifying individuals at high risk for atherosclerotic disease early in its course so that prevention efforts may be implemented. Ischemic stroke tends to aggregate in families, with a positive family history conferring a relative risk of stroke of a magnitude of 1.3-1.8 in epidemiologic studies [1, 2] . Previous research regarding familial aggregation of stroke and the genetics of ischemic stroke have largely been limited to Caucasian populations. Recently, two genes for common forms of ischemic stroke have been identified in the Icelandic population [3, 4] . Replication of these findings in other populations has been somewhat inconsistent [5] [6] [7] [8] . While there are several ongoing studies on the genetics of ischemic stroke, it is clear that additional studies will be needed. In particular, studies of minority populations with an increased risk of stroke are warranted. As an example, Mexican Americans (MAs) have an increased risk of stroke compared with non-Hispanic whites (NHWs) especially at younger ages [9] . To aid in the planning of such studies, it is of interest to understand how familial aggregation of stroke differs among ethnic groups. The sibling recurrence risk ratio ( s ) is a standard measure of familial aggregation. A greater risk of disease in siblings of affected individuals compared with the general population is consistent with the involvement of genes in the disease etiology. Additionally, s is frequently used to estimate the power of planned genetic studies [10] .
Measures of sibling recurrence risk may also shed light on the potential benefit of familial risk assessment. Familial risk assessment is a potentially important method for identifying individuals at risk and can influence appropriate screening and prevention strategies. While MAs have an increased risk of stroke compared with NHWs, little is known regarding patterns of familial aggregation of stroke in this population specifically and whether familial risk assessment might prove a useful tool in reducing the disproportionate stroke burden in this population. The aim of this pilot study was to estimate s using data from a biethnic stroke surveillance study conducted in Nueces County, Tex., USA, and from national stroke prevalence data and to compare s between two ethnic groups, MAs and NHWs.
Materials and Methods
The Brain Attack Surveillance in Corpus Christi (BASIC) project is a population-based stroke surveillance study conducted in Nueces County. Methods of the BASIC project have been previously reported [11] . The population size of the study county is roughly 300,000, and 95% of the population resides within the city of Corpus Christi. NHWs comprise 38% of the population, and MAs comprise 56%. Nueces County serves as the regional referral medical center for southeast Texas and is approximately 150 miles from Houston and San Antonio ensuring complete case capture for stroke.
Ischemic strokes and transient ischemic attacks (TIAs) were identified among individuals 6 45 years seen at 1 of 7 area hospitals located within the Nueces County between June 2004 and June 2006. Cases not presenting to a hospital were identified by neurologists (n = 11) practicing in Nueces County. Cerebrovascular events were validated by board-certified neurologists based on published criteria and blinded to the subjects' ethnicity and age [12] . Stroke was defined as the acute onset (from minutes to hours) of a focal neurologic deficit specifically attributable to a cerebrovascular distribution that persists 1 24 h and is not attributable to another disease process (seizure, brain tumor, hypoglycemia, metabolic encephalopathy or hysteria). A diagnosis of TIA was the same except that symptoms abated within 24 h. Cases validated as intracerebral hemorrhage or subarachnoid hemorrhage were excluded. Because there is evidence to suggest that genetic influences for stroke may be more important at younger ages [13] [14] [15] , the analysis was limited to probands with an age of onset ! 65 years.
Family History of Stroke and Family Size Data
A random sample of cases was asked to participate in an inperson interview regarding family history of stroke among firstdegree biologic relatives (parents, siblings, children) and asking for information on the number of biologic brothers and sisters. Per the BASIC study protocol, 75% of cases are randomized to the in-person interview in an attempt to interview 50%. Response rates for interview are high at approximately 85% [16] . Cases unable to answer questions had a proxy interview in the presence of the case whenever possible. A previous analysis revealed high agreement (84-100%) between patient/proxy interviews for 6 data elements (insurance, routine physician, hypertension, diabetes, smoking status, education and trust in doctors/nurses) [16] . Interviews were performed in English or Spanish.
Race-ethnicity was self-reported and collected as in the US census. MA ethnicity was defined as self-reported ethnicity 'of Hispanic origin' and race 'white' or 'refused'. Refused is included as it is common among this population to consider 'Hispanic' or 'Mexican American' a race. NHW was defined by a self-reported race of 'white' and ethnicity of 'not of Hispanic origin'. These categorizations should result in a relatively homogeneous group with respect to race-ethnicity as very few adult non-Hispanic Nueces County residents report multiple races ( ! 2%) [17] .
The project was approved by the University of Michigan Institutional Review Board and each Nueces County hospital. All study subjects provided written informed consent.
Stroke Prevalence Data
Data on the prevalence of stroke in the general population was taken from the 2001 National Health Interview Survey (NHIS) [18] . Annually, a representative sample of US households is selected using a multistage cluster sample design (response rate = 74%). Survey respondents self-report race and ethnicity using categories similar to the US census. Stroke prevalence data provided by gender and race-ethnicity was used for this analysis. Race-ethnicity categories of 'Hispanic' or 'Latino' and 'not Hispanic or Latino' and 'white' race were used to represent MAs and NHWs, respectively.
Stroke prevalence data for the ages of 44-65 years was used to correspond approximately to the age distribution of stroke cases. Age of siblings was added to the BASIC interview later, and therefore, this information was available for a subset of the cases interviewed as part of BASIC. Among this subset of 54 stroke cases ! 65 years of age, the median age of siblings was 52 years (interquartile range, IQR: 44.5-59). This data supports the use of the 44-to 65-year age group in the NHIS data.
Population Estimates of Stroke Risk Data
Prevalence estimates of self-reported stroke risk factors (hypertension, diabetes, high cholesterol, smoking status) by gender and ethnicity among the general population were determined from an academic, professional random-digit telephone study of individuals in Nueces County conducted from July to September 1999 [19] . The estimates are included to provide a description of this population's cerebrovascular risk with respect to known stroke risk factors [16] . Race-ethnicity was obtained by self-report and collected similarly to the BASIC project. Only data for subjects 6 45 years of age with no history of stroke are presented (n = 339). This sample included 72 MA men, 76 MA women, 100 NHW men and 91 NHW women. The response rate for this telephone survey was 58%.
Statistical Analysis
Median age and number of siblings were compared by ethnicity using Wilcoxon rank sum tests. Ethnic differences in stroke type and use of proxies were compared using 2 tests. s was calculated as the ratio of observed number of strokes among siblings of stroke cases to expected number of strokes among siblings of stroke cases using national prevalence and family size information. Calculations were carried out within cross-classified categories of gender and ethnicity. For example, observed and expected counts were calculated for sisters of MA stroke cases who were ! 65 years of age using the corresponding stroke prevalence data from NHIS for MA females aged 44-65. Ninety-five percent confidence intervals (CIs) were calculated for s using the exact Poisson method [20] . 
Results

Six
Discussion
In this community, s was approximately 2 among siblings of stroke/TIA cases ! 65 years. A significantly elevated risk among all siblings combined was observed among MA cases only. The finding of elevated sibling risk among MA stroke/TIA cases compared to expectations from the general population is new and provides an indicator of those at increased risk for stroke. Elevated sibling risk in MA cases in combination with increased sibling risk in brothers of NHW cases, and previous observations by others of increased sibling risk in a predominantly NHW population [13] , suggest a potential genetic component to ischemic stroke in both ethnic groups.
Alternative plausible explanations for familial aggregation include shared sibling environments such as diet, physical activity and smoking habits. Hypertension and diabetes, which cluster in families and have genetic components, could also contribute to the observed familial aggregation of stroke and elevated risk among siblings of MAs. MAs in this community have a higher prevalence of diabetes compared with NHWs [16] . This higher prevalence of diabetes likely contributes to the higher stroke risk. The increased risk for stroke among MAs might be an outcome of a genetic predisposition to diabetes, or a higher prevalence of diabetes might make any stroke predisposing gene more penetrant in MAs. More research is required to identify specific genes, shared environments as well as gene-gene and gene-environment interactions, which increase the susceptibility to stroke in each ethnic group.
Interestingly, among MAs, the sibling recurrence risk ratio among both sisters and brothers of male cases was statistically significant while among NHWs, only the sibling recurrence risk ratio among brothers of female cases was significant. The reasons for these ethnic and genderspecific findings are unknown. Small numbers of affected siblings may have played a role although sex-specific differences have been noted with regard to stroke outcome [21] [22] [23] , stroke subtype [24] and stroke risk factors [22, 25] . Sex-specific differences with regard to the relationship of family history and coronary heart disease have also been noted [26] . Further study is needed to replicate possible gender and ethnic group differences in sibling recurrence risk as well as to identify underlying etiologic factors.
Previous research has started with estimates of familial aggregation to estimate sample size for stroke genetics research using various designs [13] . Study designs to identify stroke risk genes will require several hundred affected sib pairs [13] . Such studies may be more feasible in MAs given the higher sibling recurrence risk, larger families and higher likelihood of living siblings with stroke [27] , although the ethnic diversity must be carefully considered when planning such a study. In addition, our work in this community suggests a willingness to participate in future stroke genetic studies in MAs [27] . Others have also found positive attitudes towards genetic studies among Hispanics potentially enhancing participation in future studies [28] .
Limitations of this study warrant discussion. Sample size for this pilot study was small; however, the population is unique in that it is composed of over 50% MAs, a minority population with an increased risk of stroke at younger ages. Measurement error, including case ascertainment bias and misreporting of family history, are likely to occur in studies such as ours. With regard to case ascertainment, we have previously demonstrated that our method of combined active and passive surveillance is highly sensitive and superior to passive surveillance alone [29] . Further, we have reported no ethnic differences in the percentage of cases ascertained from out-of-hospital sources and no ethnic differences in access to care in this population [9, 16] . Given our methods, we could not capture cases who did not present for medical attention. If presentation to medical attention differs by ethnicity and/or gender, such differences would bias our findings. It is possible that stroke/ TIA cases misreported stroke among siblings. Both underand overreporting were possible. The degree to which this misreporting may have occurred or how it may differ by ethnicity and/or gender are not known.
Our findings are limited only to siblings of cases with stroke onset between the ages of 45 and 64. Cases below the age of 45 are likely to have young siblings who have not yet reached an age when they can contribute any in-formation to familial aggregation of stroke. For that reason we did not include any cases under the age of 45.
Estimates of the prevalence of stroke were taken from a national survey versus a formal control population potentially introducing some bias. Results should be confirmed in additional epidemiologic studies with a control sample, if possible. Data from the national survey included all Hispanic subgroups as data was not available specifically for MAs broken down by age and gender. However, stroke prevalence did not differ among MAs (1.6%) and all Hispanics (1.7%).
Ischemic stroke subtype was unknown among cases, and stroke type was unknown among siblings. Stroke is a heterogeneous disorder and studies suggest that a familial component to stroke may be present in certain ischemic stroke subtypes [14, 15] . We have previously demonstrated that there is no difference in the distribution of ischemic stroke subtype by ethnicity suggesting that this factor does not confound the observed association [30] . Age at stroke onset among siblings was not known for the entire sample of those interviewed as part of BASIC either as this data element was not added until a later point in time. Previous research has shown that estimates of sibling recurrence may be higher among younger siblings with strokes [13] .
Lastly, it is important to consider the limitations of the measure of familial aggregation used here ( s ), as reviewed by Ashley-Koch [31] . The denominator is the prevalence in the population. Thus, when the prevalence in the population is high, a lower s should not necessarily be interpreted to suggest that the role of genes is weak. For example, atopy and prostate cancer, both relatively common traits, have an estimate of s similar to those reported here [32] . Estimates of s are population specific, and estimates higher than 1.0 could result from a common familial environment rather than shared genes.
Conclusion
All of the factors contributing to the increased risk of stroke at younger ages among MAs compared with NHWs have not yet been identified. While differences in traditional stroke risk factor profiles and socioeconomic status exist between the two ethnic groups, these factors are not likely to explain the large differences in disease risk. This first report of elevated sibling risk among MAs, along with the younger age of onset of stroke in MAs, suggests a possible genetic component to stroke in this ethnic group specifically and that stroke genetics research would be feasible in this population. Larger family size among MAs, as well as a willingness to participate in genetic studies, is a logistic advantage for the conduct of future stroke genetics studies. The role of genes in stroke may explain some of the ethnic differences in stroke risk, and this hypothesis should be explored in future studies. In addition, when the results regarding familial aggregation of stroke in MAs are replicated, a positive family history could prove a useful and easily obtainable factor in the clinical setting for identifying those individuals in this population at increased risk. Familial risk assessment has been shown to provide additional discriminatory ability over traditional risk factors in predicting early onset coronary heart disease [33] but such predictive models for stroke have yet to be developed.
